r 



FT/ 



JC20 Rec'd PCT/PTO 12 JULZOOff 

ORGANIC SILOXANE RESINS 



5 Technical Field 

The present invention relates to organic siloxane resins 
and insulating films using the same . In more detail , the present 
invention relates to organic siloxane resins having superior 
mechanical properties and a low dielectric property and 
10 insulating films for semiconductor elements using the same. 

Background Art 

Recently, the line width used for manufacturing 
semiconductor devices has been reduced rapidly as the degree 

15 of integration of semiconductor devices has been increased. 
Generally, the speed of semiconductor devices is proportional 
to the switching speed of gates and the signal transmission speed . 
The latter is determined according to the RC delay indicated 
in terms of the multiplication of resistance of wiring materials 

20 and electrostatic capacity of interlayer insulating films. As 
the design-rules of semiconductor devices are reduced, the speed 
of a high-density chip is determined according to the RC delay 
rather than the speed of gates. Therefore, in order to 
manufacture high-speed chips , conductors having a low resistance 

25 and insulating materials having a low dielectric constant should 
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be used. For this reason, the conventional aluminum wiring is 
replaced with copper wiring, and the development of insulating 
films with a low dielectric constant is in progress. The use 
of the low dielectric materials increases the speed of 
semiconductor devices and decreases the power dissipation and 
crosstalk noise. 

In the meantime, a general example of interlayer insulating 
materials of semiconductor devices is Si0 2 manufactured in the 
gaseous vapor deposition method having a dielectric constant 
of 4.0, and silicate doped with fluorine (F-Si0 2 ) is applied 
for some devices as a low dielectric material . However, in case 
of F-Si0 2 , it may be difficult to lower the dielectric constant 
to 3.5 or less since the state may thermally become unstable 
as the content of fluorine is increased. 

Recently, many organic and inorganic polymers having a 
low polarity and a high thermal stability have been presented 
to solve this problem. Organic polymers having a low dielectric 
constant are known to include polyimide resins containing or 
not containing fluorine , polyarylene ether resins , polyaromatic 
hydrocarbon resins, etc. Most of these organic polymers have 
a dielectric constant of 3.0 or less . However, they have a very 
high linear expansion coefficient, and also have a low glass 
transition temperature and thus elasticity thereof remarkably 
decreases at a high temperature. The resulting low thermal 
stability can deteriorate the reliability of devices . Recently, 
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in order to solve thermal stability problems of organic polymers, 
the development of organic silicate polymers using a sol -gel 
process has emerged. Organic silicate films are obtained by 
hydrolyzing and condensing organic silanes, and curing them. 
5 Polysilsesquioxane has a comparatively low dielectric constant 
of less than 3 . 0 and is stable at 450 °C . However, the dielectric 
films prepared with polysilsesquioxane may crack at >1 jm due 
to contraction stress during a hardening process, and the 
dielectric constant of the films is in the range of 2.7 to 3.1. 

10 Therefore, it is not sufficient for the material having a good 
mechanical property and a dielectric, 2.5 or less which is 
necessary for the semiconductor process in the future. 

In order to form insulating films having a dielectric 
constant of 2.5 or less, it has been proposed a method of adding 

15 an organic polymer template to polysilsesquioxane and forming 
low-density insulating films having nano-pores through 
pyrolysis after hardening . However, this method is problematic 
in that the strength of low-density insulating films is not 
sufficient; it is likely for organic materials not to be 

20 decomposed completely but to remain; the sizes of pores are 
increased if the compatibility between organic polymers and 
polysilsesquioxanes is lowered; etc. In addition, porous low 
dielectric films have been prepared by using an organic 
polysiloxane manufactured through hydrolysis and condensation 

25 of general alkoxy silanes under a basic condition. However it 
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is difficult to obtain siloxane polymers having sufficient 
mechanical properties . 

While studying organic polysiloxane resins and 
compositions in order to manufacture insulating films having 
5 a low dielectric constant and superior mechanical properties, 
the inventors of the present invention have found that organic 
polysiloxane resins manufactured through hydrolysis and 
condensation of a specific silane compound under a basic 
condition have more superior mechanical properties compared to 

10 porous low dielectric films manufactured by using organic 
polysiloxane resins manufactured through hydrolysis and 
condensation of only a general silane compound under a basic 
condition or organic polysiloxane resins and organic polymers 
manufactured through hydrolysis and condensation under an acidic 

15 condition, and completed the present invention based on the 
above . 

Disclosure of Invention 

The present invention is made in consideration of the 
20 problems of the prior art, and it is an object of the present 
invention to provide organic siloxane resins having superior 
mechanical properties and a low dielectric property that can 
be used for highly integrated semiconductor devices. 

It is another object of the present invention to provide 
25 a composition comprising the above siloxane polymer for forming 
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insulating films. 

It is another object of the present invention to provide 
a process for preparing insulating films using the above 
composition. 

It is another object of the present invention to provide 
insulating films for a semiconductor device manufactured by the 
above process . 

It is still another object of the present invention to 
provide an electronic device comprising the above insulating 
films . 

All of the above-described objects and other objects of 
the present invention may be achieved by the present invention 
illustrated below: 

In order to achieve the above-described objects, the 
present invention provides organic siloxane resins that are 
condensed polymers manufactured through the reaction of silane 
compounds including one or more kinds of hydrosilane compounds 
under a basic condition. 

The above -described silane compounds may be hydrosilane 
compounds, or may be composed of hydrosilane compounds and 
organic silane compounds other than the hydrosilane compounds. 

The above-described hydrosilane compounds may be silane 
compounds having the following Chemical Formula 1, oligomers 
manufactured from the compounds having the Chemical Formula 1, 
or cyclic siloxane compounds having the following Chemical 
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Formula 2 : 

[Chemical Formula 1] 

where R 1 is independently fluorine, aryl , vinyl, allyl, 
or linear or branched Cl~4 alkyl substituted or unsubst ituted 
with fluorine, or alkoxy ; and n is an integer of 1 to 3 . 

[Chemical Formula 2] 

H k L S io-l,(R 2 ) 2/ . k 

where R 2 is independently fluorine, aryl, vinyl, allyl, 
or linear or branched Cl~4 alkyl substituted or unsubstituted 
with fluorine, or alkoxy; and k and 1 are integers of 3 to 10. 

Silane compounds other than the above-described 
hydrosilane compounds may be organic siloxane resins 
characterized by being the silane compounds having the following 
Chemical Formula 3 or 4 : 

[Chemical Formula 3] 
SiR 3 pR 4 4 _ p 

where R 3 is independently fluorine, aryl, vinyl, allyl, 
or linear or branched Cl~4 alkyl substituted or unsubstituted 
with fluorine; R 4 may be the same or different, and is acetoxy, 
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hydroxy, or linear or branched Cl-4 alkoxy; and p is an integer 
of 0 to 3. 

[Chemical Formula 4] 
R 5 q R 6 3- q Si - M- SiR 7 r R Y r 

where R 5 and R 7 are independently fluorine, aryl, vinyl, 
ally, or linear or branched Cl~4 alkyl substituted or 
unsubstituted with fluorine; R 6 andR 8 are independently acetoxy, 
hydroxy, or linear or branched Cl-4 alkoxy; M is alkylene or 
phenylerie having 1 to 6 carbon atoms; and q and r are integers 
of 0 to 3 . 

The present invention also provides a composition 
comprising the organic siloxane resins for forming insulating 
films. 

The present invention also provides with a process for 
preparing an insulating film comprising the steps of preparing 
anorganic siloxane resin; dissolving the organic siloxane resin 
in an organic solvent; forming an insulating film by coating 
a solution, which is prepared by dissolving the above organic 
siloxane resin in organic solvent; and drying and hardening the 
insulating film formed in the above. 

The above process of forming insulating films may further 
include a step of adding one or more kinds of additives selected 
from the group consisting of organic molecules , organic polymers , 
organic dendrimers, water, pH controlling agents, colloidal 
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silica, and surfactants. 

The present invention also provides insulating films 
manufactured by the above process . 

Further, the present invent ionprovides electronic devices 
comprising the above insulation film. 

Hereinafter, the present invention is illustrated in more 
detail as follows: 

The present invention is characterized by providing 
organic siloxane resins that can be used for insulating films 
having superior mechanical and dielectric properties for highly 
integrated semiconductor devices. 

Organic siloxane resins of the present invention are 
condensed polymers of silane compounds comprising one or more 
kinds of specific hydrosilane compounds . They are manufactured 
through the hydrolysis and condensation reaction of silane 
compounds comprising one or more kinds of hydrosilane compounds 
in an organic solvent under a basic catalyst , where the hydrolysis 
and condensation may be done only with hydrosilane compounds, 
or with hydrosilane compounds and organic silane compounds other 
than the hydrosilane compounds . The reason for the improvement 
of mechanical strength is not known yet precisely, but 
hydrosilane compounds become hydroxy silanes (Si -OH) due to the 
dehydrogenation reaction of hydrogens bonded to silicon (Si-H) 
under a base catalyst and water. It seems that this reaction 
is greatly faster than the formation of hydroxy functional 
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radicals by the hydrolysis reaction of general alkoxy silanes 
under a base catalyst and water; the initial concentration of 
hydroxy silanes becomes different; and the organic siloxane 
resins generated through the subsequent condensation reaction 
also have a different structure from those of organic siloxane 
resins manufactured by using general alkoxy silanes. 

Hydrosilane compounds used in the present invention are 
silane compounds in which one or more hydrogens are bonded 
chemically to silicon. The concentration and various 
structures of hydroxy silanes can be controlled due to the 
dehydrogenat ion reaction of the hydrogens bonded to si 1 icon under 
a base catalyst . The hydrosilane compounds used in the present 
invention are not specifically limited to silane compounds in 
which one or more hydrogens are bonded chemically to silicon, 
but preferably those represented by the following Chemical 
Formula 1, oligomers thereof, or cyclic siloxane compounds 
represented by the following Chemical Formula 2: 

[Chemical Formula 1] 

where R 1 is independently fluorine, aryl , vinyl, allyl, 
or linear or branched Cl~4 alkyl substituted or unsubstituted 
with fluorine, or alkoxy; and n is an integer of 1 to 3 . 



[Chemical Formula 2] 
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H k L Sj0 -l,(R 2 ) 2/ . k 

where R 2 is independently fluorine, aryl, vinyl, allyl, 
or linear or branched Cl~4 alkyl substituted or unsubstituted 
with fluorine or alkoxy; and k and 1 are integers of 3 to 10. 

Organic silane compounds other than the hydrosilane 
compounds usable in the present invention are not specifically 
limited, but preferably those represented by the following 
Chemical Formula 3 or 4 : 

[Chemical Formula 3] 
SiR 3 pR 4 4_p 

where R 3 is independently fluorine, aryl, vinyl, allyl, 
or linear or branched Cl~4 alkyl substituted or unsubstituted 
with fluorine; R 4 is independently acetoxy, hydroxy, or linear 
or branched Cl~4 alkoxy; and p is an integer of 0 to 3 . 

[Chemical Formula 4] 
R 5 qRVqSi-M-SiR 7 r R 8 3 _ r 

where R 5 and R 7 are independently fluorine, aryl, vinyl, 
ally, or linear or branched Cl~4 alkyl substituted or 
unsubstituted with fluorine; R 6 andR 8 are independently acetoxy , 
hydroxy, or linear or branched Cl~4 alkoxy; M is alkylene or 
phenylene having 1 to 6 carbon atoms; and q and r are integers 



10 



f VKR2004/000877 

RO/KR 15.06.2004 



of 0 to 3. 

In preparing organic siloxane in the present invention, 
the mixing order of the silane compounds of the above Chemical 
5 Formula 1, Chemical Formula 2, Chemical Formula 3, and Chemical 
Formula 4 is not specifically limited, and the total amount may 
be mixed from the beginning, and hydrolysis-condensation 
reaction conducted, or a specific amount may be first reacted 
to a specific molecular weight and the remaining amount may be 

10 added and further reacted. Moreover, they may be used in 
combination with other organic siloxane resins. 

The organic solvent used in the present invention is not 
specially limited, if the silane compound, water, and catalyst 
are appropriately mixed, and if significant difficulty in phase 

15 separation is not caused in the hydrolysis and condensation 
reaction. However, it is proper to use 

aliphatic-hydrocarbon-group solvents such as n-pentane, 
i-pentane, n-hexane, i-hexane, 2,2, 4 - trimethylpentane , 
cyclohexane , methylcyclohexane , etc. ; 

20 aromatic-hydrocarbon-group solvents such as benzene, toluene, 
xylene, trimethylbenzene , ethylbenzene , methyl ethyl benzene, 
etc.; alcohol-group solvents such as methyl alcohol, ethyl 
alcohol, n-propanol, i-propanol, n-butanol, i-butanol, 
sec-butanol , t-butanol , 4 -methyl -2 -pentanol , cyclohexanol , 

25 methylcyclohexanol , glycerol; ketone-group solvents such as 
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methyl ethyl ketone, methyl isobutyl ketone, diethyl ketone, 
methyl n-propl ketone, methyl n-butyl ketone, cyclohexanone , 
me t hy 1 eye 1 ohexanone , acetylacetone , etc. ; ether-group solvents 
such as tetrahydrofuran, 2 -methyl tetrahydr of uran, ethyl ether, 
n-propyl ether, isopropyl ether, diglyme, dioxane, 
dimethyldioxane, ethylene glycol monomethyl ether, ethylene 
glycol dimethyl ether, ethylene glycol diethyl ether, propylene 
glycol monomethyl ether, propylene glycol dimethyl ether, etc. ; 
ester-group solvents such as diethyl carbonate, methyl acetate, 
ethyl acetate, ethyl lactate, ethylene glycol monomethyl ether 
acetate, propylene glycol monomethyl ether acetate, ethylene 
glycol diacetate, etc.; and amide-group solvents such as 
N-methylpyrrolidone, formamide, N-methyl formamide, N-ethyl 
formamide, N,N-dimethyl acetamide, N,N-dimethyl acetamide, etc 
Particularly preferable are alcohol -group solvents as they 
facilitate controlling of the reaction speed. 

The present invention uses a catalyst in order to promote 
hydrolysis and condensation. The catalyst used in hydrolysis 
and condensation is either an acid catalyst or a base catalyst. 
However, it is desirable to use a base catalyst. in order to 
manufacture low dielectric organic siloxane resins applicable 
to insulating films for semiconductor devices For examples, 
the base basic catalysts include alkali metallic compounds, 
ammonia, organic amines, quaternary ammonium compounds, etc. 
The added amount of the catalyst can be controlled according 
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to the reaction condition, and preferably 10 moles or less per 
1 mole of the silane compound. If the added amount of the catalyst 
exceeds 10 moles per 1 mole of silane compound, the reaction 
rate is very high even at a low concentration and it will be 
difficult to control the molecular weight and gel may be easily 
produced . Also, a catalyst maybe previously added to the organic 
solvent or it may be previously dissolved or dispersed in water. 

In the present invention, water is added to cause hydrolysis 
of the silane compound. The amount of water is suitably 2 or 
more per 1 mole of the silicon atom in the silane compound, more 
preferably, 5 moles or more. If less than 2 moles of water is 
added, the hydrolysis and condensation does not sufficiently 
occur; it is difficult to control the molecular weight since 
the reaction rate is very high; and it is not proper to apply 
them to the insulting films of semiconductor devices. Water 
may be added intermittently or consecutively. 

There are no limitations on the reaction temperature when 
the product is made to have a desired molecular weight. The 
temperature may preferably be 0 to 100 °C , more preferably 0 
to 80°C . 

In the present invention, it is usually preferred to set 
the molecular weight of the final product, 5000 or greater 
compared to the conversion molecular weight of polystyrene; 
10,000 or greater preferably; or 30,000 or greater more 
preferably. 
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The present invention also provides a composition for 
forming insulating films by using the organic siloxane resins 
as described in the above. The above-described composition 
comprises organic siloxane resins and a solvent, and it can 
further comprises, one or more kinds of additives selected from 
the group consisting of organic molecules, organic polymers, 
organic dendrimers, water, pH controlling agents, colloidal 
silica, and surfactants according to its purpose. 

Furthermore, the method of forming insulating films using 
the organic siloxane resins of the present invention is comprised 
of the steps of preparing an organic siloxane resins as described 
in the above ; dissolving the organic siloxane resins in an organic 
solvent; forming an insulating film by coat ing a solution, which 
is prepared by dissolving the above organic siloxane resin in 
organic solvent; and drying and hardening the insulating film 
formed in the above. 

And the above-described method of forming insulating 
films may further comprise a step of adding one or more kinds 
of additives selected from the group consisting of organic 
molecules, organic polymers, organic dendrimers, water, pH 
controlling agents, colloidal silica, and surfactants, after 
the step of dissolving the organic siloxane resins in an organic 
solvent . 

In the method of forming the composition, organic materials 
such as organic molecules, organic polymers , organic dendrimers , 
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etc., among the additives, are added when desiring to further 
lower the density of insulating films. The organic materials 
are not specially limited, but preferably decomposed at a 
temperature in the range of 200 to 450°C. Preferable examples 
5 include organic molecules or organic polymers including 
aliphatic hydrocarbons, aromatic hydrocarbons, ether 
functional -group molecules, ester functional -group molecules, 
anhydride functional -group molecules, carbonate 

functional -group molecules , acryl functional -group molecules , 

10 thioether functional -group molecules, isocyanate 

functional -group molecules , isocyanulate functional -group 
molecules, sulfon functional -group molecules, sulfoxide 
functional -group molecules, etc. Also, the organic molecules 
or organic polymers may contain alkoxy si lane functional radicals 

15 at the end of or in the molecule, which may be reacted with the 
organic siloxane resins. 

The solid concentration can be controlled by the type and 
content of organic solvents. The composition of the present 
invention comprises 2 to 60 % of total solid concentration, and 

20 preferably 5 to 40 %, considering the film thickness and 
maintenance stability of insulating films. 

In the method of forming a composition of the present 
invention, organic solvents may be removed a fixed amount of 
specific solvents having negative affects on the coating property, 

25 water, and by-products of reaction. Also, it is possible to 
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add a fixed amount of a secondary organic solvent after the 
hydrolysis and condensation reaction, or to remove specific 
organic solvents , water, and by-products of reaction after adding 
the secondary organic solvent according to its purpose. 
5 Moreover, it is possible to mix and use one or more kinds of 
organic solvents. 

The solution containing organic siloxane resins is coated 
on a substrate such as a silicone wafer, SiQ 2 wafer, SiN water, 
semiconductor, glass substrate, polymer substrate, etc to form 

10 an insulating film by a spin-coating method, an impregnation 
method, a roll -coating method, a spraying method, etc. It is 
preferred to use a spin-coating method among the methods of 
forming insulating films for a semiconductor device. 

The thickness of the film may be controlled by changing 

15 the viscosity of the composition and the rotation speed of a 
spin coater, and for an interlayer insulating film for a 
mult ilayered circuit for a semiconductor device, 0.05 to 2 pm 
is suitable. 

After insulating films are formed, they go through the 
20 drying and hardening processes, where the drying process is 
divided into the pre-baking process and soft-baking process. 
The organic solvents used are evaporated slowly in the 
pre-baking process; specific amounts of functional group are 
cross-linked in the soft-baking process; and the remaining 
25 functional groups are further reacted in the hardening process . 
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The Drying process is conducted at 3 0 to350°C ; and the hardening 
process is conducted at 350 to 600°C, and preferably 350 to 
500°C. If the hardening temperature is lower than 350°C, the 
strength of films is lowered since the condensed polymer izat ion 
5 of silicate polymers does not completely occur, and the 
dielectric property is deteriorated due to the existence of 
remaining functional group. It is also preferable not to 
exceed 500 °C for hardening in viewpoint of the thermal stability 
of insulating films and a semiconductor device. 
10 The drying and hardening processes may be consecutively 

conducted while elevating the temperature at a constant rate, 
or they can be conducted intermittently. If conducted 
intermittently, drying and hardening precess are preferably 
conducted for 1 minute to 5 hours, respectively. Heating can 
15 be conducted using a hot plate, oven, furnace, etc. , and it can 
be conducted under an inert gas atmosphere such as with nitrogen, 
argon, helium, etc.; under an oxygen .atmosphere such as air, 
etc.; under a vacuum condition; or under an ammonia or 
hydrogen- containing gas atmosphere. The drying and hardening 
20 can be conducted by the same heating methods, or they can be 
conducted by different methods. 

The insulating films obtained by the above method are 
suitable for use as an interlayer insulating film for 
semiconductor devices such as LSI, systemLSI, DRAM, SDRAM, RDRAM, 
25 D-RDRAM, etc. ; a protection film such as a surface coating film 
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of a semiconductor device, etc. ; an interlayer insulating film 
for a multi-layered wiring substrate; a protection film for 
liquid-crystal -display device; a low-refraction coated film; 
etc. since they have a low dielectric property, low ref ractivity , 
and superior mechanical properties. 

Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be described more 
specif ically by the following Examples and Comparative Examples , 
but the present invention is not limited to or by them/. 

[Preferred Embodiment 1] 

To a mixed solution of 34 . 70 g of distilled water and 221 . 90 
g of ethanol, 1.95 g of methydimethoxy silane and 3.02 g of 
triethoxy silane are added, 1.00 g of 40% methylamine aqueous 
solution is added further as a catalyst, and reacted at 60°Cfor 
2 hours. After the mixture is reacted, 40.00 g of propylene 
glycol propyl ether is added, and the mixture is enriched by 
removing alcohols and a fixed amount of organic solvents with 
a rotary evaporator. The solution is spin-coated on a silicone 
wafer, and hardened under a nitrogen atmosphere at a temperature 
of 430°Cfor 1 hour in order to manufacture insulating films. 

[Preferred Embodiment 2] 

To a mixed solution of 33 . 70 g of distilled water and 215 . 70 
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g of ethanol, 2.34 g of methydimethoxy silane and 2.41 g of 
triethoxy silane are added, 0.97 g of 40% methyl amine aqueous 
solution is added further as a catalyst, and reacted at 60 °C 
for 2 hours . After the mixture is reacted, 40 . 00 g of propylene 
5 glycol propyl ether, which is the secondary solvent, is added, 
and the mixture is enriched by removing alcohols and a fixed 
amount of organic solvents with a rotary evaporator until the 
total weight of the solution becomes 2 0.00 g. The enriched 
solution is spin-coated on a silicone wafer, and hardened under 
10 a nitrogen atmosphere at a temperature of 43 0°C for 1 hour in 
order to manufacture insulating films. 

[Comparative Example 1] 

To 10.00 g of propylene glycol propyl ether, 3.00 g of 
15 methyl trimethoxy silane and 1.34 g of tetramethoxy silane are 
put , 3 . 70 g of the 0 . 03 N nitric acid solution is added further, 
and reacted at 6Q°C for 24 hours. After the mixture is reacted, 
4 0 . 00 g of propylene glycol propyl ether is added, and the mixture 
. is enriched by removing alcohols and a fixed amount of organic 
20 solvents with a rotary evaporator. The solution is spin-coated 
on a silicone wafer, and hardened under a nitrogen atmosphere 
at a temperature of 43 0 °C for 1 hour in order to manufacture 
insulating films. 

25 [Comparative Example 2] 
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To a mixed solution of 33 . 70 g of distilled water and 172 . 50 
g of ethanol , 3.00 g of methydimethoxy silane and 3.06 g of 
triethoxy silane are added, 0.97 g of 40% methylamine aqueous 
solution is added further as a catalyst, and reacted at 60 °C 
5 for 2 hours . After the mixture is reacted, 40 . 00 g of propylene 
glycol propyl ether is added, and the mixture is enriched by 
removing alcohol and a fixed amount of organic solvents with 
a rotary evaporator. The solution is spin-coated on a silicone 
wafer, and hardened under a nitrogen atmosphere at a temperature 
10 of 43 0°C for 1 hour in order to manufacture insulating films. 

[Testing Example 1] Evaluation of physical properties 
The dielectric and physical properties of insulating films 
manufactured in the above Preferred Embodiments 1 and 2 and 
15 Comparative Examples 1 and 2 are evaluated, of which results 
are shown in Table 1 below: 

The mechanical strength is measured by using a Tribo 
Indenter from Hysitron, Inc. after the insulating films are 
hardened under a nitrogen atmosphere at a temperature of 43 0°C 
20 for 1 hour after they are spin-coated on a 2 x 2 -inch silicone 
wafer, and the dielectric constant is measured at 1 MHz by using 
the LCR meter from HP Company after making a MIS (metal /insulator 
/semiconductor) elements structure on a silicone wafer. 

25 
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[Table l] 



Classification 


Preferred 
Embodiment 1 


Preferred 
Embodiment 2 


Comparative 
Example 1 


Comparative 
Example 2 


Mechanical strength 
(GPa) 


6 . 0 


8 . 0 


7 . 9 


5.1 


Dielectric 
constant 


2 .24 


2 .48 


2 . 80 


2.23 



As shown in the above Table 1, when comparing Preferred 
Embodiment 1 and Comparative Example 2, the mechanical strength 
5 is superior in Preferred Embodiment 1 in spite of similar 
dielectric properties; and when comparing Preferred Embodiment 
2 and Comparative Example 1 , the dielectric property is superior 
in Preferred Embodiment 2 in spite of similar mechanical 
strengths. As reviewed in the above, it is seen that the 
10 insulating films in preferred embodiments using the organic 
siloxane resins manufactured by reacting si lane compounds 
including one or more kinds of hydros i lane compounds under a 
base catalyst according to the present invention have superior 
mechanical and insulation properties. 

15 

Industrial Applicability 

In conclusion, as illustrated in the above, the present 
invention is a useful invention in that organic siloxane resins 
and insulating films manufactured by using them according to 
20 the present invention have superior mechanical and dielectric 
properties, and thus, are proper for highly integrated 
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semiconductor devices . 

While certain present preferred embodiments and 
comparative examples of the invention have been shown and 
described, it is to be distinctly understood that the invention 
5 is not limited thereto but may be otherwise variously embodied 
and practiced within the scope of the following claims: 
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